The extraocular muscles (EOM) are involved in a variety of disease processes with characteristic findings on imaging. EOM anatomy is described, followed by a review of adult EOM pathology. The imaging characteristics are explained with examples. The pattern of EOM disease on imaging, in corroboration with clinical findings, can often lead the radiologist towards a specific diagnosis.
The extraocular muscles (EOM) are implicated in a variety of local and systemic diseases. Often the pattern of disease on imaging, along with the clinical presentation, can lead the radiologist towards a specific diagnosis. This article provides a comprehensive review of adult EOM pathologies. The unique imaging characteristics of a variety of EOM diseases are demonstrated.
Normal Anatomy
The orbit contains the globe and the retrobulbar space. Within the retrobulbar space are 6 EOMs that control eye movement; the superior, inferior, medial, and lateral recti; and the superior and inferior oblique muscles. A seventh orbital muscle, the levator palpebrae superioris, attaches to the upper tarsal plate. All are controlled by the oculomotor nerve except the superior oblique (trochlear IV nerve) and the lateral rectus (abducens VI nerve). Together, the EOMs form a muscular cone with its base at the posterior globe and its apex at the superior orbital fissure. This cone divides the retrobulbar space into extraconal and intraconal spaces ( Figure 1 ). The extraconal space contains the lacrimal gland and fat. Inflammatory or neoplastic lesions of the lacrimal gland as well as sinus-related inflammation can involve this space. The intraconal space contains the optic nerve sheath complex. Lesions such as optic nerve sheath gliomas or meningiomas can occur here. The superior ophthalmic vein spans both the extraconal and intraconal spaces. The inferior ophthalmic vein arises from a venous plexus in the mid orbit, between the optic nerve and inferior rectus muscle, and courses posterior within the intraconal space. It curves upward to join the superior ophthalmic vein within the posterior orbit [1] .
Graves Ophthalmopathy
The most common cause of proptosis in adults is Graves ophthalmopathy (thyroid-associated orbitopathy, thyroid ophthalmopathy, thyroid-related immune orbitopathy). This condition is commonly associated with autoimmune hyperthyroidism but can occur in patients with euthyroid or hypothyroid thyroiditis. Clinically, patients with Graves ophthalmopathy can present with eyelid swelling, ocular dryness, grittiness, photophobia, excessive tearing, diplopia, and a pressure or aching sensation behind the eyes. Features on examination include eyelid retraction, eyelid oedema, periorbital and conjunctival erythema, and proptosis. Graves ophthalmopathy is often bilateral with asymmetric involvement of the EOM but can be unilateral in 5%-14% of patients [2] . In 5% of patients, congestion within the orbit may lead to compressive dysthyroid optic neuropathy, which is potentially blinding [3] .
Orbital imaging with computed tomography (CT) or magnetic resonance imaging (MRI) classically reveals disproportionate spindle-shaped enlargement of the EOMs with relative sparing of the tendinous globe attachments ( Figure 2 ). The inferior rectus is most frequently involved, followed by the medial, superior and lateral recti, and superior oblique muscles [4] . Visualization of the morphology of EOMs is comparable between CT and MRI, and is optimal on coronal views. In addition to EOM changes, other findings of Graves ophthalmopathy can include increased retrobulbar fat, lacrimal gland enlargement, eyelid oedema, stretching of the optic nerve, and tenting of the posterior globe.
Compared with CT, MRI provides the added advantage of differentiating between the acute and chronic phases of Graves ophthalmopathy. In the early acute inflammatory stage, the EOMs are oedematous and demonstrate high signal intensity on short tau inversion recovery imaging. Short tau inversion recovery signal intensity, measured as a ratio between the involved EOMs and the adjacent temporalis muscle, has been shown to correlate with clinical disease activity [5] , which is of clinical significance because early, active disease is more likely to respond to treatment. MRI measurement of EOM volume also has been shown to correlate with disease activity [6] . Orbital octreoscan is a sensitive alternative for detecting active inflammation. The disadvantage of an octreoscan is that it does not provide morphologic information, is relatively expensive, and results in exposure to ionizing radiation [7] .
Idiopathic Orbital Inflammatory Syndrome and Orbital Myositis
Idiopathic orbital inflammatory syndrome (IOIS) is a diagnosis of exclusion with no identifiable cause. Previously known as orbital pseudotumour, this is now understood to represent a spectrum of inflammatory processes. IOIS can involve any component of the orbit. IOIS results from a nongranulomatous inflammatory process with lymphocytic infiltration. On imaging, IOIS can demonstrate a focal intraorbital mass or a diffusely infiltrating lesion similar in appearance to lymphoma. The lacrimal gland, optic nerve sheath complex, uvea, and sclera can all be involved. IOIS appears T1 and T2 hypointense on MRI. Diffusion-weighted MRI has been investigated for workup of indeterminate orbital masses. In general, malignant lesions such as lymphomas have been found to have lower apparent diffusion coefficient values in comparison with benign lesions [8] , which is particularly relevant when assessing infiltrative lesions that are hypointense on T2-weighted imaging.
Orbital myositis, a subtype of IOIS, is a rare inflammatory disorder that can involve any number of EOMs. It is the second most common cause of proptosis after Graves ophthalmopathy. Orbital myositis typically presents with unilateral, retroorbital pain, diplopia, conjunctival injections located closely to the affected EOMs, proptosis, and eyelid oedema. EOM myositis can occur in a variety of systemic inflammatory diseases, including vasculitis, sarcoidosis, systemic lupus erythematosus, rheumatoid arthritis, dermatomyositis, inflammatory bowel disease, and HLA-B27 spondyloarthropathies [9] .
Unlike Graves ophthalmopathy, orbital myositis does not spare the EOM tendinous insertions onto the globe. CT imaging demonstrates enlargement of the affected EOM and tendon with adjacent orbital fat stranding (Figure 3 ). On MRI, the involved EOM appear thickened, T2 hyperintense and enhance with intravenous contrast administration. In orbital myositis, the superior, lateral, and medial recti are involved with equal frequency, whereas involvement of the inferior rectus is slightly less common [10] . The enlargement of a single EOM with tendon involvement is the most common presentation and is suggestive of the diagnosis. Significant initial clinical improvement in response to corticosteroids provides further confirmation. It is important to recognize the findings of orbital myositis on imaging because it can clinically mimic cluster headaches, which can lead to a delay in diagnosis [11] .
Metastases
Orbital metastases often present with symptoms related to mass effect and are usually unilateral. EOM metastases are most commonly from cutaneous melanoma, followed by breast cancer [10] . Carcinoid tumour has a propensity to metastasize to the orbit and should be strongly considered in any patient with a known carcinoid tumour and a welldefined, round, or fusiform mass in the EOM [12] . As for metastases throughout the orbit, breast cancer is the most common and tends to involve the orbital soft tissues. Prostate and lung cancer also metastasize to the orbits; however, these tend to involve the orbit bones instead of the soft tissues or EOMs. On imaging, orbital metastases can appear diffuse and irregular, and can grow along the rectus muscles and fascial planes. Two examples are provided in Figure 4 .
Lymphoma
Lymphoma accounts for 12% of all orbital tumours and is the most frequent cause of malignant orbital tumours [13] . Malignant lymphoma of the orbit is typically of the non-Hodgkin variant. Lymphoma can occur anywhere throughout the orbit, including the EOMs. Unlike orbital myositis, orbital lymphoma often presents with painless proptosis. Differentiation between lymphoma and IOIS is important given the different treatments and prognosis of lymphoma and IOIS. EOM lymphoma appears hyperdense on CT, with mild-to-moderate enhancement after contrast administration. Although CT is sensitive for both lymphoma and orbital myositis, it usually cannot differentiate between the two. On MRI, lymphoma appears hypointense on T1-and T2-weighted images because of the high nucleus-to-cytoplasm ratio. Orbital lymphoma demonstrates homogenous enhancement. IOIS may have more prominent enhancement with contrast than lymphoma on MRI. Two patients with EOM lymphoma are presented in Figure 4 .
Trauma
Orbital fractures often involve the thin medial wall or orbital floor. Often a fluid level in the maxillary sinus may suggest hemosinus and otherwise occult fracture ( Figure 5 ). If a fracture is identified, then close examination should follow to ensure no herniation or impingement of the EOM. Injuries that result in increased intraorbital pressure, such as orbital blowout fractures, can result in EOM herniation and entrapment, which limits the EOM range of motion and can lead to direction-dependent diplopia. Careful examination on CT is warranted in any case of orbital trauma ( Figure 5 ). The orbital apex should be assessed in all head trauma because even a small fracture may compromise structures essential for vision and necessitate emergent surgical intervention. In addition to fractures, a retrobulbar hematoma can develop adjacent to the EOMs and should be identified and described in any orbital trauma. A decrease in EOM size can occur with a history of remote EOM denervation.
Infectious Disease
A number of infectious diseases can involve the EOMs, including both bacterial and parasitic processes ( Figure 6 ).
Abscesses often occur in the context of orbital cellulitis, but abscesses isolated to the EOMs have been described [14] . Parasitic involvement of the EOMs can have a similar appearance, such as that seen in EOM cysticercosis. This tends to affect the lateral, medial, and superior recti; however, it can involve all EOMs [15] . A high clinical suspicion along with an EOM cystic lesion that contains a scolex on ultrasound, CT, or MRI confirms the diagnosis. In all cases of periorbital cellulitis, it is essential to differentiate between infection confined to the preseptal tissue as opposed to postseptal (orbital) cellulitis. The former often is treated with oral antibiotics, whereas the latter may require more aggressive management, including surgical intervention [16] .
Vascular Lesions
A carotid-cavernous fistula is the most common vascular lesion that affects the EOMs (Figure 7) and can be characterized by a direct communication between the intracavernous internal carotid artery and cavernous sinus, or an indirect communication via branches of the carotid circulation [17] . Direct carotid-cavernous fistulas usually are secondary to trauma and typically occur in young male patients. Indirect carotid-cavernous fistulas are more commonly seen in postmenopausal women and can have an insidious onset. These may be due to cavernous sinus thrombosis and revascularization. Congenital vascular lesions can affect the EOMs as well, through venous engorgement or hemorrhage, which results in enlargement of the EOMs. Figure 6 . (A) A 17-year-old girl with a 2-day history of sinusitis, as suggested by opacified ethmoid air cells. She was found to have pre-and postseptal cellulitis, characterized by fat stranding around the left medial rectus on coronal computed tomography (CT); there also is subperiosteal thickening along the medial left orbital wall, with mass effect on the medial rectus. (B) An axial CT image, demonstrating fat stranding in the same region; the subperiosteal thickening extends the entire length of the orbit and contains a tiny locule of air, which is concerning for phlegmonous changes and early subperiosteal abscess formation. The superior ophthalmic vein is enlarged as well (arrow); note, there is senile calcification of the right anterior sclera. (C) A conventional angiogram was performed in the same patient, which revealed low-flow shunting between the right internal carotid artery and cavernous sinus (arrowhead); the right meningohypophyseal artery was communicating with the cavernous sinus, in keeping with an indirect carotidcavernous fistula.
Conclusion
A variety of pathologies involve the EOMs in a characteristic fashion. The pattern of EOM disease on imaging, in corroboration with clinical findings, can often lead the radiologist towards a specific diagnosis.
